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DETAILED ACTION 

Response to Amendment 

Applicant's amendment of November 29, 2006 does not render the application 
allowable. 

Status of Objections and Rejections 

All rejections from the previous office action are maintained. 
New grounds of rejection under 35 U.S.C. 103(a) are necessitated by the 
amendments. 

Ciaim Rejections • 35 USC § 103 
The following is a quotation of 35 U.S.C, 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth In section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner In which the invention was made. 

The factual inquiries set forth In Graham v. John Deere Co., 383 U.S. 1, 148 

* 

USPQ 459 (1966), that are applied for establishing a background for determining, 
obviousness under 35 U.S.C. 103(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

■ 4. Considering objective evidence present in the application indicating 
obviousness or nonobviousness. 
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Claims 1-10 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Bojkov et al. in view of Chung et al. and Jao. 

Regarding claim 1 , Bojicov et al. teach a process for fabricating bumps, 
comphsing the steps of: providing a semiconductor substrate having a plurality of 
bonding pads 30 (Fig. 2) and a passivation layer 42 thereon, wherein the passivation 
layer is disposed on a surface of the semiconductor substrate and exposes the bonding 
pads; forming a photoresist layer 46 over the semiconductor substrate, wherein the 
photoresist layer has a plurality of openings and the openings are positioned 
corresponding to the bonding pads; immersing the substrate into an electrolytic solution 
(paragraph 14); and performing an electroplating operation by providing a step current 
to the electrolytic solution (paragraphs 14-15). 

Bojkov et al. differ from the instant claim in that the reference teaches a 
semiconductor substrate but does not explicitly teach the substrate is in the form of a 
wafer. Bojkov et al. also differ from the instant claim in that the reference does not 
explicitly teach the openings having different widths or increasing the current. 

Chung et al. teach a method and apparatus are provided for the electroplating of 
a substrate such as a semiconductor wafer which provides a uniform electroplated 
surface and minimizes burn-through of a seed layer used on the substrate to initiate 
electroplating. In one aspect of the invention, a current is applied to the anode and 
cathode substrate which current is preprogrammed to ramp up to a current value from a 
first current value which current produces a voltage below a predetemnined threshold 
voltage. Electroplated articles including copper electroplated semiconductor wafers 
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made using the apparatus and method of the Invention are also provided. (See 
Abstract, and Fig. 4). 

Jao teaches a method of forming bumps having a plurality of openings with 
various sizes (column 2 lines 38-42). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the method of Bojkov et al. by electroplating the 
wafer of Chung et al., because a semiconductor substrate is conventionally made in the 
form of a wafer, and a wafer would be suited for the fabrication of integrated circuit 
devices. It would have been obvious to one having ordinary skill in the art at the time 
the invention was made to have further modified the method of Bojkov et al. by 
Increasing the current step as taught by Chung et al.. because it would provide a 
uniform electrodeposited material and would minimize burn-through of a seed layer on 
the substrate (column 1 lines 46-67 of Chung et al.) It would have been obvious to one 
having ordinary skill in the art at the time the invention was made to have further 
modified the method of Bojkov et al. by electroplating the openings with various sizes of 
Jao, because different sizes of solder bumps can be electroplated to meet the specific 
input/output characteristics of an integrated circuit device. 

Regarding claim 2, the instant disclosure does not teach how the minimum 
current and the maximum current are determined nor the specific values or ranges of 
values associated with the minimum current and the maximum current. Based on the 
instant disclosure, the minimum current is broadly interpreted be any arbitrary current 
below the lowest starting current, and the maximum current can be any arbitrary current 



Application/Control Number: 10/710,020 Page 5 

Art Unit: 1753 

above the highest electroplating current. The step current of Bojkov et al. is between a 
minimum current, since the current is greater than zero, and below a maximum current, 
since the current does not go to infinity. Bojkov et al. differ from the instant claim in that 
the reference does not explicitly teach increasing the current. It would have been 
obvious to one having ordinary skill in the art at the time the invention was made to 
have modified the method of Bojkov et al. by increasing the current step as taught by 
Chung et al., because it would provide a unlfonn electrodeposited material and would 
minimize burn-through of a seed layer on the substrate (column 1 lines 46-67 of Chung 
et al.) 

Regarding claim 3, Bojkov et al. teach a plurality of linear currents (see Fig. 5). 
Linear currents are broadly Interpreted to be rectangular current waveforms. 

Regarding claim 4, Bojkov et al. teach stopping the current for a brief period 
(paragraph 5-6). 

Regarding claim 5, Bojkov et al. teach the current step comprises a plurality of 
pulse currents (Fig. 4), each having a peak current 120 and a trough current 122. 

Regarding claim 6, Bojkov et al. teach the peak current is between a minimum 
current, since the current is greater than zero, and a maximum current, since the current 
does not go to infinity. 

Regarding claim 7, Bojkov et al. teach the trough current 120 is a negative 
current. The representation of the current polarity of Bojkov et al. is the reverse of the 
instant the invention, because the polarity is viewed from the perspective of the power 
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supply. The current polarity would be reversed if viewed from the perspective of the 
substrate. 

Regarding claim 8, Bojkov et al. teach the current step comprises at least a . 
pulsed current (combination of pulses 120 and 122, Fig. 4) and a plurality of linear 
currents (pulses 120, Fig. 4). 

Regarding claim 9, Bojkov et al. teach the peak current is between a minimum 
current, since the current is greater than zero, and a maximum current, since the current 
does not go to infinity. 

Regarding claim 10, Bojkov et al. teach the trough current 120 is a negative 
current. 

Claim 1 1 is rejected under 35 U.S.C. 103(a) as being unpatentable over Bojkov 
et al. in view of Chung et al., Jao, and further in view of lhara et al. 

Bojkov et al., Chung et al., and Jao teach the method as described above. 
Bojkov et al. differ from the instant claims in that the reference does not explicitly teach 
the aspect ratio of the instant claim. 

lhara et al. teach a method of forming bumps wherein.the thickness of the resist 
layer and the diameter of the fine hole are adjusted so that the aspect ratio 
(height/diameter) of a bump to be formed can be a value not lower than 0.5. Since air 
can escape smoothly even if the aspect ratio of the bump is not lower than 0.5 or 
especially even if the aspect ratio of the bump is not lower than 1 , plating can be 
positively carried out in the fine holes. (Column 6 lines 67 ~ column 7 line 6). 



Application/Control Number: 10/710,020 Page 7 

Art Unit: 1753 
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It would have been obvious to one having ordinary skill in the art at the time the 

invention was made to have modified the method of Bojkov et al., Chung et al., and Jao 
by using the aspect ratio of lhara et al., because air can escape smoothly (column 6 
lines 67 - column 7 line 6 of lhara et al.). 

Response to Arguments 

In response to applicant's arguments against the references individually, one 
cannot show nonobviousness by attacking references individually where the rejections 
are based on combinations of references. See In re Keller, 642 F.2d 413, 208 USPQ 
871 (CCPA 1981); In re Merck & Co., 800 F.2d 1091. 231 USPQ 375 (Fed. Cir. 1986). 
The examiner acknowledges that Bojkov et al. fail to disclose different width openings. 
However, as described above, Jao teaches a method of forming bumps having a 
plurality of openings with various sizes (column 2 lines 38-42). It would have been 
obvious to one having ordinary skill in the art at the time the invention was made to 
have modified the method of Bojkov et al. by electroplating the openings with various 
sizes of Jao, because different sizes of solder bumps can be electroplated to meet the 
specific input/output characteristics of an integrated circuit device. 

In response to applicant's argument that the references fail to show certain 
features of applicant's invention (in independent claim 1), it is noted that the features 
upon which applicant relies (i.e., high aspect ratio of openings) are not recited in the 
rejected clalm(s). Although the claims are interpreted In light of the specification, 
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limitations from the sp.ecification are not read into the claims. See In re Van Geuns, 988 
F.2d 1181, 26 USPQ2d 1057 (Fed. Cir. 1993). 

Applicant's arguments have been fully considered but they are not persuasive. 

Conclusion 

Applicant's amendment necessitated the new ground(s) of rejection presented in 
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 
706.07(a), Applicant is reminded of the extension of time policy as set forth in 37 CFR 
1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within 
TWO MONTHS of the mailing date of this final action and the advisory action is not 
mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1 . 1 36(a) will be calculated from the mailing date of 
the advisory action. In no event, however, will the statutory period for reply expire later 
than SIX MONTHS from the date of this final action. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Luan V. Van whose telephone number is 571-272-8521. 
The examiner can normally be reached on M-F 9:30-6:00. 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supen/isor, Nam Nguyen can be reached on 571-272-1342. The fax phone number for 
the organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-dlrect.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 
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